Abstract. Glasses in the system 0.25PbO-(0.25-x) ZnO-0.5B 2 O 3 -xLi 2 O have been prepared by the melt quenching technique. Elastic properties, DSC studies have been employed to study the role of Li 2 O in the present glass system. Elastic properties and Debye temperature have been determined using pulsed echo ultrasonic interferometer operating at 10MHz. Sound velocities V l , V t and elastic moduli decrease up to 5 mol% and then gradually increase with increase in Li 2 O concentration. Debye temperature and the glass transition temperature decreases with increase in Li 2 O. Densities remains almost constant up to 15 mol% Li 2 O concentration and increases monotonically while the molar volume decreases with the increase of Li 2 O concentration. The results are discussed in view of the borate structural network and dual role of Zn and Pb in these glasses
INTRODUCTION
ZnO-B 2 O 3 glasses exhibit low melting point and therefore they are of special interest owing to their applications in different fields of electronic products [1] [2] . This is due to the fact that the higher the polarizability of an ion, the lower the melting temperature of the substance. Moreover, the compounds containing cations with an outer electron shell of 18 (Zn 2+ ) or 18 + 2 electrons (Pb   2+   ) have lower melting temperatures [3] [4] [5] . Divalent oxides, such as MO (where M= Zn, Pb, Mg etc.) when used as modifiers, the cations can produce several complex structural effects due to their higher valence than alkali cations [6] . In our previous work we have shown these glasses (PbO-ZnO-B 2 O 3 ) doped with rare-earth show good optical response [6] . The present work involves study of elastic properties in ZnO/Li 2 O modfied PbO-B 2 O 3 based glass.
EXPERIMENT
Glasses in the system 0.25PbO-(0.25-x) ZnO-0.5B 2 O 3 -xLi 2 O have been prepared by the melt quenching technique starting from analar grade lithium carbonate (Li 2 CO 3 ), lead oxide (PbO), Zinc oxide (ZnO) and orthoboric acid (H 3 BO 3 ). The required quantities of the above materials were thoroughly mixed and melted in a crucible at about 1150°C to get a homogeneous melt. All the samples were annealed below their glass transition temperature. The glassy state of the samples was confirmed using X-ray diffraction technique. The room temperature ultrasonic measurements were carried out at 10MHz using x-cut and y-cut quartz transducers. A pulse superposition method was employed using ultrasonic interferometer (System dimensions, Bangalore). Phenylsalicilate (Salol) was used to bond the transducers to the samples. Longitudinal and transverse sound velocities were determined by pulse superposition method using a Hewlett-Packard model 54600 B oscilloscope. Using Mcskimin's Δt criteria, the round trip delay time (τ) has been calculated [7] . By measuring the thickness of the sample (d), longitudinal (V l ) and transverse (V t ) velocities were calculated using the relation V =2d/τ. In an amorphous solid, elastic strain produced by low stress can be described by two independent elastic constants, C 11 and C 44 . The Cauchy relation 2C 44 = C 11 −C 12 allows one to determine C 12 . Elastic Elastic moduli were calculated using the following standard relations.
Longitudinal modulus,
Debye temperature,
Where ρ is the density and M is the molecular weight of the corresponding samples, q is the number of atoms in the unit formula. N A is the Avogadro number .The mean sound velocity V m in the Eq. 4.13 is estimated by the following defined relation 3/ V m 3 = 1/ V l 3 + 2/ V t
RESULTS AND DISCUSSION

Physical properties:
The variation of molar volume and density is as shown in the Fig.1 4 groups leading compactness in the structure resulting increase the density and a decrease in molar volume [8] . -. However, in the present glass system the presence of Pb and Zn both are known for dual nature, bring interesting structural defects. As Li concentration is increased there is conversion of B 3 to B 4 as stated above but at the same time there is rupture of ZnO 4 /PbO 4 groups leading to decrease in the connectivity's. Thus the Tg would decrease continuously as exhibited in Fig 2. The results are consistent with density variation. Ultrasonic studies: Fig. 3 . Shows the variation of longitudinal sound velocity (V l ) and transverse sound velocity (V t ) and Fig. 4 fig.4 that the rate of change of elastic moduli is more pronounced in L and least in case of G. This indicates resistance to the deformation and it is most probably due to presence of large number of covalent bonds [3, [9] [10] . In the present system we notice decrease in bulk modulus (K) upto 15 mol% Li 2 Poisson's ratio is defined as the ratio between lateral and longitudinal strain produced when tensile force is applied or function of the ratio of longitudinal and shear velocities. The variation of Poisson's ratio with composition is shown in Fig. 5 it should be exactly the reverse of the elastic moduli variation [11] . Poisson's ratio has been also discussed in terms of the dimensionality of glass network and it is observed that the Poisson's ratio for a three Table. 1. The composition, density, elastic constants (C 11 , C 44 and C 12 ), bulk modulus (K), Young's modulus (E), Poisson's ratio (σ) and Debye temperature (θ D ). dimensional network is less than that of a two dimensional structure, which in turn is less than that of a one dimensional structure. This has been attributed due to the fact that the concentration of bonds resisting a transverse deformation decreases in that order [12] . . It is clear from the above results that the type of bonding in the network structure plays a dominant role in deciding the rigidity of these glass structures. This is due to the fact that the increase of Li 2 O content affects the glass network structure based on its network-modifying/forming role with respect to ZnO intersubstitution. The variation of calculated acoustic Debye temperature with Li 2 O concentration is shown in Fig. 5 . As can be seen in figure Debye temperature decreases with increase in mole fraction of Li 2 O. The decrease in Debye temperature results in a monotonic decrease in the total vibrational energy of the system. This is because any of the conceivable vibrational units resulting from the substitution will be of lower energy. Debye temperature plays an important role in solid materials in the determination of elastic moduli and atomic vibrations. θ D represents the temperature at which all the high frequency lattice vibrational modes are excited. The continuous decrease of Debye temperature also suggests the structural degradation which is reflected in the glass transition as discussed in sec 1.1. AIP Conference Proceedings is copyrighted by AIP Publishing LLC (AIP). Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. For more information, see http://publishing.aip.org/authors/rights-and-permissions.
CONCLUSIONS
